The Westergren method for the determination of the erythrocyte sedimentation rate has been conclusively shown to be more reliable than other methods (Gilmour and Sykes, 1951 ; Goldberg, Glynn, and Bywaters, 1952; Lewi and Clarke, 1954; Alexander and Andrews, 1957; Eastham, Denson, and Evans, 1958) .
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Blood for a variety of haematological and biochemical investigations is commonly collected into Wintrobe oxalate mixture, heparin, or sequestrene (ethylenediamine tetra-acetic acid), as anticoagulant. The use of such blood samples for determining the erythrocyte sedimentation rate obviates the necessity of collecting a separate specimen. Rourke and Plass (1929) have shown by the addition of heparin to haemophilic blood that heparin itself has no effect on sedimentation when used at a concentration of 20 units/ ml. but that an excessive amount increases the sedimentation rate. Both heparin and oxalate when used as anticoagulants in determining the E.S.R. have been shown to give anomalously low one-hour readings. These low readings have been abolished and greatly increased readings obtained by the addition of 3.8% sodium citrate as used in the standard Westergren method (Goldberg et al., 1952; Lewi and Clarke, 1954) . In these cases the addition of sodium citrate produces three effects:
(1) Lowering of the packed cell volume by simple dilution; (2) further lowering of the P.C.V. due to cell shrinkage by the hypertonic sodium citrate;
(3) dilution of the plasma proteins.
Effects (1) and (2) increase the sedimentation rate since this is inversely proportional to the P.C.V. (Meyers, Trevorrow, Washburn, and Mugrage, 1953; Lawrence, 1953) and outweigh the effect of (3) which decreases the sedimentation rate (Fathraeus, 1929; Lewi and Clarke, 1954) .
The effect of sequestrene on erythrocyte sedimentation has not been investigated. Ham and Curtis (1938) and Martensson and Hansen (1953) have demonstrated that the addition of oxalate mixture to citrated blood has no effect on the E.S.R. The present investigation was undertaken to evaluate the effect of sequestrene on erythrocyte sedimentation, and to compare the effect of the addition of 3.8% sodium citrate to blood which had been collected into heparin or sequestrene with citrated blood as used in the standard Westergren method.
Methods
Twenty millilitres of blood was obtained by venepuncture using a wide bore needle, and quickly distributed into calibrated tubes in the following manner:
(1) 8 ml. into 16 mg. of sequestrene (dry sodium salt) to give a final concentration of 2 mg./ml.
(2) 8 ml. into 160 units of dry heparin to give a final concentration of 20 units/ml.
(3) 4 ml. into 1 ml. of 3.8% trisodium citrate. One millilitre of 3.8% sodium citrate was then added to 4 ml. of the heparinized and sequestrenized blood and the samples containing sequestrene, sequestrene+citrate, heparin+citrate, and citrate allowed to stand at room temperature for half an hour. After this time they were thoroughly mixed, and, using standard Westergren sedimentation pipettes of 2.5 mm. bore, 200 mm. columns of blood from each sample were set up in triplicate in sedimentation racks at room temperature. The separate samples were quickly mixed between each set of triplicate tubes and the time of insertion of each tube noted in order to ensure that readings were made at exactly 60 minutes.
The heights of the supernatant plasma columns were measured at three-minute intervals for a period of 60 minutes, and from the readings graphs of time against plasma height were plotted, and the maximum sedimentation rates obtained (240). The same set of tubes and stands were used throughout the series.
Blood samples were obtained from patients in whom a raised sedimentation rate was anticipated. Because of this method of selection and the inclusion of extreme cases, together with the small sample size, a few values were rejected as outliers for the purpose of the calculations, since it was felt that a simple analysis would be misleading. Tables I and II Cochran's Table III the test statistic q= s (P<l %) was applied.
For rejections in
Results Tables I and II give the 20 estimates of the variance (2 degrees of freedom mean squares) of the 60 minute readings and maximum sedimen- tation rates for the four anticoagulant series. These are given in their ranked orders of increasing size and clearly are not homogeneous. A few significantly large variance estimates have been rejected as outliers whenever they form more than a reasonable fraction of the total for the group (Cochran, 1941; Eisenhart and Solomon, 1947) . These rejections do not lead to any substantial differences for the average variance estimates between the series as shown in Tables I and II. The standard deviations for citrate + heparin, citrate + sequestrene, and citrate agree well as a group and with previous estimates of the standard deviation for citrate+oxalate (Eastham et al., 1958) . However, the standard deviation for sequestrene is significantly greater in comparison, and indicates a high degree of variability inherent in the use of sequestrene alone, as has been previously shown for potassium/ammonium oxalate mixture and heparin. 0 00 0 00 0 00 0-00 0.00 0.00 0-00 0*00 0.00 0.00 0.00 0-002 0 00 0 00 0 00 0-007 0 00 0 00 0 00 0-016 0 00 0 00 0 00 0-024 0 002 0 00 0 002 0-027 0-002 0 00 0-002 0-029 0 002 0-002 0 002 0-029 0-002 0 002 0-002 0-029 0-002 0-002 0-002 0-036 0 002 0-002 0 002 0-043 0-002 0 002 0 002 0-058 0 002 0 002 0-003 0122 0-002 0-003 0-007 0142 0-003 0-003 0-007 0-149 0-009 0 003 0 009 0-363 0-016 0 009 0-021 0-746 0-016 0-020 In Table III the differences between the arithmetic means of the triplicate citrated samples and the triplicate samples of the remaining anticoagulant series are evaluated with reference 263 A = necjct;cu group.bmj.com on November 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from to citrate as standard. A few values in each group have again been rejected as outliers. The standard deviations for citrate + heparin and citrate + sequestrene are again small, whilst the standard deviation for sequestrene is much greater. The order of probability for differences from citrate for each of the three other anticoagulant series is shown in Table IV . However, estimates of frequency are only tentative. Assuming a normal distribution of differences between citrate (mean of three) and each of the other series, this table indicates the order of probability for differences (plus or minus) from citrate, taking into account the mean differences derived from the 20 cases.
Discusion
Dilution of heparinized and sequestrenized samples with citrate instead of physiological saline was chosen in order to obtain a quantitative comparison with the Westergren method, in which the same conditions of dilution and cell shrinkage apply. The added effects of heparin and sequestrene at their normal concentrations would, it was anticipated, have little effect in this respect. It has been shown by Lewi and Clarke (1954) that dilution, far from being undesirable, tends to give a more accurate correlation of the sedimentation rate with clinical condition. In cases where the " rouleaux formation intensity" (R.F.I.), or sedimenting power, and packed cell volume are high, and similarly in cases where the R.F.I. is high and the P.C.V. is low, dilution increases the sedimentation rate. In cases where the R.F.I. and P.C.V. are normal (the normal range) the sedimentation rate is decreased. Tube bore also becomes important at increased plasma viscosity and increased P.C.V. (Shannon and Bywaters, 1957) ; however, the overriding factor is that of dilution. Using the Westergren method, one case was seen recently of primary atypical pneumonia with a P.C.V. of 56 ml. /100 ml. and an E.S.R. of 5 mm. at one hour. On correction of the P.C.V. to 46 ml./100 ml. the E.S.R. was 80 mm. at one hour. It is evident that in this case the dilution employed in the standard method was still insufficient to bring the E.S.R. into the pathological range.
The results obtained in the present study show that dilution of heparinized or sequestrenized blood with 3.8% sodium citrate solution reduces the standard deviation between replicate readings to within the limits obtained for the standard Westergren method employing citrate alone. A similar finding has been demonstrated for dilution of oxalated blood with sodium citrate (Eastham et al., 1958) . Also, if the arithmetic mean of the 60 minute citrate reading is accepted as being the standard sedimentation rate for each blood sample, the average arithmetic means of the 20 readings for the sequestrene + citrate and heparin + citrate series differ by only + 2 mm. and + 4.5 mm. respectively from the average arithmetic mean of the 20 citrate readings. Since each sample has been separately diluted with sodium citrate for each of these anticoagulant mixtures, the scatter about the mean is consistent with sampling, diluting, and mixing errors.
It is therefore suggested that the Westergren sedimentation rate may be determined using blood which has been collected into Wintrobe oxalate mixture, heparin or sequestrene, simply by diluting four volumes of blood with one volume of 3.8% sodium citrate.
Summary
(1) The anticoagulant sequestrene is unreliable for determining the erythrocyte sedimentation rate. This has previously been demonstrated in the case of heparin and potassium /ammonium oxalate mixture.
(2) Blood which has been collected into oxalate, heparin, or sequestrene, when subsequently diluted with one-fourth of its volume of 3.8% sodium citrate, is suitable for determining the Westergren sedimentation rate. I wish to thank Professor M. Maizels for his advice and criticism, and Mr. R. Weightman and Miss Anne Bassett for advice with the statistics and for the many calculations.
